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Spreadsheets

You will learn about the purpose and strengths of 
spreadsheets as well as getting an introduction into 
problem solving and design. Finally visualization 
techniques will be used to show how information can 
be effectively represented.

James Tam

Main Topics To Be Covered

1. History and purpose of the spreadsheet
2. Technical details: Features and benefits of electronic 

spreadsheets
3. Spreadsheet design
4. Introduction to problem solving using spreadsheets
5. Rules of thumb for the effective presentation of information: 

Applied principles of Information Visualization
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Performing Calculations

Tables

• When performing 
calculations with different 
instances of the same data 
repeated along the rows 
and columns

• These tables are referred to 
spreadsheets
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Spreadsheet Terminology

Columns

Rows

Cell
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Paper Spreadsheets

•The original purpose was to show the data to be used in 
calculations.

•However making changes could be awkward:
- Modifying the data e.g., correcting errors
- Attempting variations e.g., for a personal budget what would be the effect 
of living in a 1 bedroom vs. 2 bedroom apartment, taking a full time vs. 
part time job, going on a vacation to Hawaii vs. going to Vulcan Alberta.
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Electronic Spreadsheets

•Early versions of electronic spreadsheets were primitive but 
they did what paper spreadsheets did and more. 

VISICALC Dan Bricklin & Bob Frankston
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Some Benefits Of Electronic Spreadsheets

•Calculations can be automated
- Many formulas automatically come with the software e.g., sum a range of 
numbers along a column sum(r1:r10)

- Most any arbitrary formula can be specified by the person creating a 
particular sheet
•E.g., term GPA =    (assignment GPA) * (percentage worth for assignment)
• + (midterm GPA) * (percentage worth for exam)
• + (final exam GPA) * (percentage worth for exam)

- Changes can be quickly made.

Row 10 
sums all the 
expenses

The difference between B1 
and Row 10

James Tam

Some Benefits Of Electronic Spreadsheets (2)

- Changes can be quickly made. Some Benefits Of Electronic Spreadsheets

Automatically reflected 
here (where the data is 
referenced).

A change is made 
here.
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Methods Of Referring To Cells

•Absolute
•Relative

James Tam

Absolute Reference

•When a reference to an cell or range of cells doesn’t change 
when the contents of a cell or cells is copied or the sheet 
changes in size.

Original formula (B12)

=$B$1-B10

Copied (C12)

=$B$1-C10
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Absolute Reference (2)

Original formula (B12)

=$B$1-B10
Copied (C12)

=$B$1-C10

Absolute 
reference

Absolute 
reference

Absolute reference because the same (absolute) reference to cell B1 is 
made when the formula is copied.

James Tam

Absolute Reference (3)

•Typically it’s used in conjunction with constants (data that 
won’t change).

Original formula (B12)

=$B$1-B10

Copied (C12)

=$B$1-C10

References to 
B1 are 
absolute 
because 
income doesn’t 
change
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Relative Reference

•A reference to a cell or group of cells that may change if the 
cell/cells are copied or the sheet changes in size. 

Original formula (B12)

=$B$1-B10

Copied (C12)

=$B$1-C10

James Tam

Relative Reference (2)

Original formula (B12)

=$B$1-B10

Copied (C12)

=$B$1-C10

Recall:

• Total expenses (row 10) is 
a calculated value. It sums 
rows 4 – 9.

Relative 
reference

Relative 
reference

Relative reference because the copied formula will change relative to 
how far it’s copied.
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Relative Reference (3)

•Typically it’s used with variable data (that may change over 
time or over different parts of the sheet).

Original formula (B12)

=$B$1-B10

Copied (C12)

=$B$1-C10

Total expenses may 
change from month-
to-month so 
references will likely 
be relative.

James Tam

Absolute, Relative And Mixed References: 
Examples1

•Relative column
•Relative row

•Absolute column
•Relative row

•Relative column
•Absolute row

•Absolute column
•Absolute row

Reference type Copied resultExample

C3A1

$A3$A1

C$1A$1

$A$1$A$1

1 Examples from the Excel 2003 Help System
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Main Topics To Be Covered

1. History and purpose of the spreadsheet
2. Technical details: Features and benefits of electronic 

spreadsheets
3. Spreadsheet design
4. Introduction to problem solving using spreadsheets
5. Rules of thumb for the effective presentation of information: 

Applied principles of Information Visualization
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Typical Parts Of A Spreadsheet1

•Introduction
•Model and assumptions
•Data Dictionary
•Raw Data
•Calculated Data
•Presentation

1 From the Wiki of Mishtu Banerjee.
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Introduction

•A brief summary of the information presented in the spreadsheet
•Title
•List of the author or authors
•Dates of each version (and perhaps a brief description or list of 
the features of each version).

James Tam

Model And Assumptions

•List and justify and models being used (e.g., mathematical 
formulas, assumptions based on the work of other people).

Example:

The following spreadsheet determines net income 
(income after bills) based on the standard 
accounting formula of subtracting all expenses 
from all sources of income
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Data Dictionary

•Variable: a cell in a spreadsheet that can take on different 
values.

•For every variable in the spreadsheet note:
- Location (cell e.g., A3 or range A1:A10)
- Name of the variable e.g., “Gross income”
- Data class: raw data, calculated variable, statistical summary
- Data type e.g., integer, text, currency, date
- Description: additional details about the type of information that the 
variable represents

James Tam

Raw Data

•Put it in table form using a standard convention (columns: 
represent different variables, rows: represent different instances 
of variables or cases).

$1,250$100,000Stacey 
Hearn

$0$70,000Jamie Smyth

$1,000,000$1James Tam

Investment 
income

Gross 
income

Client

Different 
instances 
of clients

Different types of variables
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Calculated Data

•Summary statistics: are calculated along a single column and 
include several rows.

•Derived variables: are calculated along a single row and include
several columns.

James Tam

Summary Statistics

$333,750$57,000Averages

$1,250$100,000Stacey Hearn
$0$70,000Jamie Smyth
$1,000,000$1James Tam
Investment incomeGross incomeClient
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Derived Variables

$1,250$100,000Stacey 
Hearn

$0$70,000Jamie 
Smyth

$1,000,000$1James 
Tam

Investment 
income

Gross 
income

Client

$101,250

$70,000

$1,000,001

Total 
income

James Tam

Presentation Of Information

•Highlighting or emphasizing key parts of the data.
•Graphical representations may be appropriate but consider the 
principles of Information Visualization!

Data

Presentation of the key parts of the data 
(one house stands out!)
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Spreadsheets: Design Principles

1.For anything but a trivially small sheet try planning it out on 
graph paper first (what data to include, how will things be laid
out etc.)

2.Test your calculations with a reasonable data set.
3.For larger and more complex calculations break results down 

into intermediate results.
• Perform the  calculation in multiple rather than just a single cell.

4.Make sure that the different parts of a calculation are clear. 
Avoid “magic numbers” – unlabeled constants.

Yes ☺No /
= 2000 – (907 – 25 – 100)

Magic 
number...avoid 
doing this!

Net 
income is 
explicitly 
labeled

James Tam

Main Topics To Be Covered

1. History and purpose of the spreadsheet
2. Technical details: Features and benefits of electronic 

spreadsheets
3. Spreadsheet design
4. Introduction to problem solving using spreadsheets
5. Rules of thumb for the effective presentation of information: 

Applied principles of Information Visualization



Spreadsheets and problem solving 16

James Tam

Problem Solving Example: Making Change

•Look at this problem before class and try to think of a solution
without looking at the answer!

•(Paraphrased from the book “Pascal: An introduction to the Art 
and Science of Programming” by Walter J. Savitch.

Problem statement:

Create a spreadsheet that will make change. Given an amount of money, 
the sheet will indicate how many quarters, dimes and pennies are needed. 

James Tam

Making Change: Possible Constants

•Value of a quarter
•Value of a dime
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Determining What Information Needs To Be 
Tracked

1. Amount of change to be returned
2. Number of quarters to be given as change
3. Number of dimes to be given as change
4. Number pennies to be given as change
5. The remaining amount of change still left (changes as 

quarters, dimes and pennies are given out)

James Tam

How To Come Up With A Solution

1. If you are truly stuck then STEP AWAY from the computer!
2. Try to picture things in terms of something that you can 

relate to (i.e., not mathematical formulas) but something in 
the real world.
a. Make sure that you understand what the problem truly entails by 

describing it in terms of what you know e.g., draw pictures, write text 
descriptions (English), use physical analogies.

b. Try to work out a solution to the problem in terms of concepts that 
you are familiar with e.g., draw pictures, write text descriptions 
(English), use physical analogies.

c. Then try to translate your solution to a more formalized form (e.g., 
mathematical formula, computer program).

d. (If you are having trouble going from (b) to (c)) then try to describe 
the solution in as much detail as possible using everyday language. If 
your solution is detailed enough then it’s often just a matter of a 
straight-forward mechanical translation.
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Excel Solution

Change making example

Constants
Quarter 25
Dime 10

Change owed
Value in cents 36

Quarters
Number quarters 1
Change in quarters 25
Amount left 11

Dimes
Number dimes 1
Change in dimes 10
Amount left 1

Pennies
Number pennies 1

Summary

James Tam
19-Sep-08

DON’T LOOK at the answer before class.

James Tam

Design Example

•Constants, using absolute and relative references.
Net income $2,000.00

Feb expensesh expenses
Rent $907.00 $907.00

Parking $25.00 $25.00
Groceries $300.00 $300.00

Car $500.00 $500.00
Fun $0.00 $100.00

Misc $100.00 $200.00
Total expenses $1,832.00 $2,032.00

Income after bills $168.00 -$32.00
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Testing The Solution

•What should be tested? (What inputs should be used)
- Running tests with all possible inputs (time-consuming?)
- Running tests with a subset of the possible inputs (try to catch all 
reasonable cases)?

•Not testing the programming or performing minimal testing.
- This may work for small problems
- With anything but a trivial sized problem finding the errors may be next to 
impossible unless each portion has undergone a reasonable amount of 
testing.

James Tam

Main Topics To Be Covered

1. History and purpose of the spreadsheet
2. Technical details: Features and benefits of electronic 

spreadsheets
3. Spreadsheet design
4. Introduction to problem solving using spreadsheets
5. Rules of thumb for the effective presentation of 

information: Applied principles of Information 
Visualization



Spreadsheets and problem solving 20

James Tam

Information Visualization

•(Recall): Finding ways of representing information in a way that
amplifies cognition.

For more information: http://innovis.cpsc.ucalgary.ca/

James Tam

Some Of Tufte’s Principles Of Information 
Visualization1

• The representation should not get in the way of the message
• Avoid distortion
• Provide a broad overview and fine detail

1 “Visual Display of Quantitative Information” by E. Tufte 
Note: Some of the visual examples on the following slides are taken from 
Tufte’s books
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Not Get In The Way Of The Message

James Tam

Chart Junk: A Common Error (The Representation 
Getting In The Way Of The Message)

•Information display is not just pretty graphics
- Graphical re-design by amateurs on computers gives us 

• Overly complicated or even deceptive representations

Ford
GM
Pontiac
Toyota

10

2

5

8

0

2

4

6

8

10
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Using Size To Represent Information

•Vary size along one dimension OR the other to represent 
information but not both.

•Increasing along two dimensions at the same time may make the 
message less clear.

~2x =

?x =

Ford
GM
Pontiac
Toyota

James Tam

Avoid Distortion: The Representation Alters The 
Message

Maintenance cost per year

54
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Ford GM Pontiac Toyota
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Provide A Broad Overview And Fine Detail

James Tam

Small Multiples: General Principles

•Learn once
•Invite comparisons
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Small Multiples: Showing Time And Change

James Tam

Small Multiples: Showing Time And Change
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CRAP: An Important Tool For Planning Layout 
And Presentation

•Contrast
- Make different things appear even more different
- Brings out dominant elements & mute lesser elements

•Repetition
- Consistency
- Repeat conventions throughout the interface to tie elements together

•Alignment
- Visually associate related elements by lining them up

•Proximity
- Group related elements
- Separate unrelated elements

James Tam

Contrasting Contrast

From “The Non-Designers Design book by Robin Williams
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Repetition

From “The Non-Designers Design book by Robin Williams

Repetition in the 
example

•Font type

•Font size

•Bolded text

•Consistent bulleting

James Tam

Alignment

From “The Non-Designers Design book by Robin Williams
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Legibility And Readability: Center Alignment

•Some regard it as unprofessional and advocate against it’s 
use.

•It’s described as being unprofessional looking and plain.

From the Non-Designer’s Design Book page 30

James Tam

Legibility And Readability: Center Alignment

•Overuse of centering can make it harder to determine the 
structure of onscreen elements.

UNIVERSITY OF CALGARY
DEPARTMENT OF COMPUTER SCIENCE

FACULTY OF SCIENCE
COURSE INFORMATION SHEET

September 10, 2007
1. Course: CPSC 203, Introduction to Computers

Lecture/Time/Session: L02, MW 16:00-17:15, Fall 2007
Instructor: James Tam, ICT 707, 210-9455 

Office Hours: MW 15:00 - 15:50, T 16:45 - 17:30
(If I’m not in my office please check in ICT 102)

E-mail:  tamj@cpsc.ucalgary.ca
Website: http://pages.cpsc.ucalgary.ca/~tamj/203

2. Prerequisites:  None

3. The University policy on grading and related matters is described on pp. 43-45 of the 2007-2008 
Calendar.  In determining the overall grade in the course, the following weights will be used:

Assignments 40% 
Midterm Exam 20% 
Final Exam 40% 

The course will have a Registrar's scheduled final examination.
Special regulations affecting the final grade (e.g. requirement to pass the final examination or to 
pass the laboratory to pass the course):  Each of the above components will be given a letter 

grade using the official University grading system.  The final grade will be calculated using 
the grade point equivalents weighted by the percentages given above and then reconverted to 

a final letter grade using the official University grade point equivalents.
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Legibility And Readability: Center Alignment

•It can be useful for providing additional contrast 
- e.g., titles vs. the body of the text.

•So it should be used sparingly
•It should also be used for a reason rather than as the default

• l

James Tam

Legibility And Readability: Center Alignment

•If you are employing it to provide contrast then at least make it 
obvious

The Non-Designers Design Book
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Proximity

From “The Non-Designers 
Design book by Robin 
Williams

James Tam

Fonts And Font Effects

•Proper use of typography 
- 1-2 typographical effects (typeface or typography) - 3 max

•Font types, normal, italics, bold, underline
- 1-3 fonts sizes max

Large
Medium
Small

9

Readable

Design components to be 
inviting and attractive

Design components to be 
inviting and attractive

Large
Medium
Small

8

Unreadable

Design components to be 
inviting and attractive

Design components to be 
inviting and attractive
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The Gestalt School Of Psychology

•Founded in 1912 to investigate how do people organize the 
world into meaningful units and patterns.

James Tam

What Is A Gestalt?

•Gestalt: is German for ‘pattern’ or ‘configuration’.
•Motto of the Gestalt psychologists:

- “The whole is more than the sum of it’s parts’ e.g., an image is not just an 
unrelated bunch of dots.

- What you perceive is greater than what you see.
- Example one: Motion is perceived from a series of still images
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What Is A Gestalt? (2)

- Example two: the following is more than just a series of splotches of light 
and dark (a pattern can be perceived).

James Tam

The Gestalt Laws

• They are rules that describe the way that people see patterns in
visual displays:

1. Proximity
2. Similarity
3. Continuity
4. Symmetry
5. Closure
6. Relative size
7. Figure and ground
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Proximity

•Things that are near to each other tend to be grouped together.

- Example one:

- Example two:

James Tam

Proximity (2)

•Things that are close together imply a relationship (they get 
grouped together).

Group

Group

Group

Group
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Proximity (3)

•Proximity appears to form two groups which may present a 
confusing message.

www.baddesigns.com

James Tam

Proximity (4)

•In this example the proximity of different controls is misleading.

www.baddesigns.com
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Similarity

• Things that are alike tend to perceived as belonging together.
• Similarity can be perceived in many ways:

- Color
- Shape
- Size
- Etc.

Example two:Example one:

James Tam

Similarity

•Using different representations to show similarity can 
communicate multiple relationships.
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Continuity

•Lines and patterns tend to be perceived as continuing in time 
and space.

- Example one:

- Example two:

James Tam

Continuity (2)

•Visual entities (groupings) are more likely to be perceived out 
of visual elements that are smooth rather than elements with 
abrupt changes in direction.

Smooth connections Abrupt connections
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Continuity (3)

•Connectedness is a stronger grouping principle than:

Proximity Value/brightness

Size Shape

James Tam

Using Color

•Color is one of the most widely used (and misused) way of 
communicating information.

•Color works well for:
- Making things stand out

- Grouping related items
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Using Color (2)

•Color should not be used for:
- Communicating numerical information

- (In these cases): Consider using something else like size or position.

15 13 34 67

~2x =
1
0

0
100

James Tam

Using Color (3)

•Color should not be used for:
- Showing a ranking between items

- (In these cases): Consider using something else like size, position or 
brightness/value.

> > > > > > >>

> >> > > >

< < < < < <
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Use Color Sparingly

•Don’t use color like did when you were a kid.

James Tam

Color Is Used Sparingly: Effective
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The Increased Use Of Color: Mutes The Message

James Tam

Over Use Of Color: Mutes The Message
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Color Is Used Sparingly: Effective

James Tam

Additional Issues Associated With Color

•Color blindness:
- The majority of people who are color blind are red-green color blind so 
these colors should be avoided when communicating information.

•Field size
- The larger the area to be color coded, the more easily that colors can be 
distinguished.
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Additional Issues Associated With Color (2)

•Field size
- When objects are small (text or small images) and color is used to 
distinguish information use highly saturated colors.

•Conventions
- “Commonly accepted” conventions can vary widely by culture and their 
use should be carefully considered e.g., white is associated with purity in 
some Western cultures and death with some Eastern cultures.

This is 
important 
information!

This is 
important
information!

James Tam

Color And Cultural Associations

•Neutrality• Death, 
Purity

•Death•Death, Purity•JoyWhite

•Temporary•Success• Grace, 
Nobility

• Birth, 
Wealth, 
Power

• Happiness, 
Prosperity

Yellow

•Criminality• Prosperity, 
Fertility

• Future, 
Youth, 
Energy

• Ming 
Dynasty, 
Heavens, 
Clouds

• Fertility, 
Strength

Green

• Freedom, 
peace

•Villainy• Heavens, 
Clouds

• Virtue, Faith, 
Truth

Blue

• Aristocracy, 
Freedom, 
Peace

• Life, 
creativity

• Anger, 
Danger

•Happiness• DeathRed

FranceIndiaJapanChinaEgypt

From “How Fluent is Your Interface? Designing for International Users” Proceedings of the INTERCHI’93. Russo P. 
and Boor S.
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Image-Based Object-Recognition

•People have a powerful ability to recognize images that they 
have previously seen.
- e.g., Standing et. al. (1970)1 had over a 90% accuracy rate with test 
subjects recognizing whether or not they had previously seen an image 
(out of 2560 viewed over several days) 

1 Standing, L., Conezio, I., and Haber, R.N.  (1970) Perception and memory for pictures: single trial learning of 2560 
visual stimuli.  Psychonomic Science 19: 73 – 74).

James Tam

Images Vs. Words

•Static images vs. words
•Animated images vs. words
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Static Images Vs. Words

•Pictures are better than text for showing structural relations.

Text
Jane is Jim’s boss.

Jim is Joe’s boss.

Anne works for Jane.

Mark works for Jim

Anne is Mary’s boss.

Anne is Mike’s boss.

Structure diagram

Jane

Jim Anne

Joe Mark Mike Mary

James Tam

Static Images Vs. Words (2)

•Generally images should when:
- Structural information must be shown (links between entities or groups of 
entities).

- A great deal of information needs to be remembered (images are more 
easily recalled than text except for abstract images e.g., when the concept 
being represented is new and must be represented abstractly by an image 
and out of context).

•Generally text or the spoken language should be used when:
- Abstract concepts must be portrayed e.g., freedom, efficiency.
- The information is complex, procedural or non-spatial.
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Animated Images Vs. Words

•Generally animated images should be used when:
- A cause-effect relation must be expressed
- When a structure is being transformed (e.g., the motion of a hinge) – but 
complex interactions may not be interpreted correctly.

- A sequence of data movements (e.g., sports, martial arts)

•Generally text or the spoken language should be used when:
- In general everyday language (e.g., English, Chinese, Spanish, Russian 
etc.) is so widespread, elaborate and complete that written or spoken 
language should be used unless there is a compelling reason (above and 
previous) to do otherwise.

James Tam

You Should Now Know

•What is the purpose of a spreadsheet
•What are the advantages of using an electronic spreadsheet over 
a paper version

•The difference between an absolute and relative reference
•What are the typical parts of a spreadsheet
•Some spreadsheet design principles
•How to go about solving simple problems using a spreadsheet
•Why is testing important and how to determine a reasonable 
range of test cases

•Three of Tufte’s principles of Information Visualization
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You Should Now Know (2)

•How the principle of Small Multiples can be used to make it 
easier to interpret and understand data

•How the principles of CRAP can be applied in the design of 
documents such as spreadsheets

•What are the Gestalt Laws and how they can be used for more 
effective representations


